ABSTRACT
INTRODUCTION
ewz (Elektrizitätswerk der Stadt Zürich), a Swiss utility, which supplies electricity mainly in the city of Zürich (urban network), has a continuous 25 years record of outage data. Customer-related continuity indices such as SAIFI, SAIDI, not delivered energy etc. are published in the company's annual report. In the last few years ewz compared its continuity values with four other urban utilities in Switzerland [1] . The benchmark is not only useful to get a feeling about the outage performance of the company but also for the determination of reference values. In the sense of the subsidiary principle the "Association of Swiss Electrical Enterprises" (Verband Schweizer Elektrizitätsunternehmen, VSE) published a set of reference continuity values in the so called "Distribution Code", stratified into four groups of networks: urban, semi-urban, rural and mountainous [2] . The "Distribution Code" contains recommendations of the branch for the regulator "Elcom". The paper shows the process of the derivation of minimal reliability indices for urban networks.
NETWORK, DATA AND DEFINITIONS
The urban network of "ewz" covers an area of about 100 km 2 , consists of 4 HV-, resp. 15 HV/MV-substations and 150 km of HV-cables or transmission lines. The MVnetwork is composed of 840 km cables and 830 MV/LVsubstations, the LV-network of 2000 km cables and 1600 distribution cabins [3] . Energy is delivered to about 260'000 customers (synonymous for meters). Outage data are available for the years 1983-2007. The five urban utilities, which perform a yearly benchmark, deliver power to between 40'000 to 260'000 customers. The density of the population per hectare (0.01 km 2 ) build up area (buildings, industry, infrastructure) is about 50 to 75 and the number of customers per km LV-grid varies between 70 and 240. Outage data are available for the period 2004-2007. The following continuity indicators are computed: 1) SAIDI (System Average Interruption Duration Index), indicating the duration that energy is not supplied to a customer in a year (min/customer and year); 2) SAIFI (System Average Interruption Frequency Index) revealing the number of times in a year energy is not delivered to a customer (frequency/customer and year), resp. MAIFI (interruptions <= 3 min) and 3) CAIDI (Customer Average Interruption Duration Index), representing the average time required to restore service to the average customer per interruption (min). The computations are made for unplanned cases with an interruption duration of > 1 sec. For more details see [1] or [3] .
A SINGLE URBAN UTILITY
The performance of the distribution network in form of customer-related continuity indices are computed in a routine manner at ewz. Due to the long data acquisition period comparisons with earlier periods can be made.
Since yearly values show a large variability from year to year it was decided to use a 5-year moving average for the annual report. Figure 1 compares the yearly values of SAIDI with two moving averages. The single year range varies between 2 and 11 min per customer. Often a distinction between short and long (sustained) interruptions are made. For example VDN (Verband der Netzbetreiber) in Germany defines outages > 3 min as sustained interruptions. Figure 3 depicts the SAIDI for different thresholds of minimum duration. Using the 3 min threshold almost no difference between short and long outages is obtained (computed as 25-year average). First by the 30 min threshold is a decrease visible. A threshold of 3 min can be important for the HV-level for a single year or a few year's observation [3] . Whether this finding is valid also for the other types of networks has not been investigated yet. The time-series of SAIFI is given in Figure 4 . The yearly range varies between 0.01 to 0.5. The upper curve shows the total SAIFI and the lower one the value for long durations. The variation of the percentage of the frequency between events of short and long duration is given in Figur 5 . Also for SAIFI a five year average is recommended to smooth the sometimes large year to year differences. An interesting projection of all three reliability indices is shown in Figure 6 . The depiction is useful to compare the relativ position of the yearly performance for one utility, the comparison of values from different companies or results on the regional or country scale (s. also Figure 10 ). The whole range of values is seen on one glance. The curves represent the locations of equal SAIDI (SAIFI * CAIDI), the x-axis the SAIFI (SAIDI / CAIDI) and the y-axis the CAIDI (SAIDI / SAIFI). A threshold of 3 min between short and long interruptions were discussed also among the participating companies. The analysis shows a very different picture from company to company (Figure 9 ). On the average (SUA) about 35 % of the events are of short and 65 % are of long duration. For comparing the different networks the three indices projection (Figure 10 ) is drawn to visualize the relative position of each value against the others. Figure 10 shows also (in addition to Figure 6 ) the SAIDI-curve of 30 min, which is given as a reference value in the guidelines of VSE (see next chapter). All SAIDI are lower than 15 min, which seems to be a good performance in comparison to other countries [1] . 
BENCHMARKING FIVE URBAN UTILITIES

GUIDELINES FOR SWISS NETWORKS
The working group "minimum reliability" within the VSE had to evaluate guideline values for the internationally used indices SAIDI and SAIFI. Those values were then recommended to the recently introduced "Elcom". In 2009 the network operators are obliged to deliver for the first time reliability data to the "Elcom". The working group was depending on results as shown above. A few values were also available for semi-urban and rural networks (not discussed here). The future will show whether the guidline values are reasonable or whether they have to be adjusted. After five years of collection an evaluation should be performed. Table 1 shows the so far fixed guidelines as well as the criterions to determine types of network as it is published in the "Distribution Code" [2] . Another problem is the maximum duration of an interruption. The guideline values are indicated in the last column of Table 1 . A tight threshold of 4 hours per event is proposed for urban networks. Some companies prefer a restoring time of 6 hours. For ewz the percentage of customers exeeding both limits were computed. Table 2 shows that about 2 % of the affected customers experienced durations longer than 4 hours, and about 0.6 % longer than 6 hours. Assuming a penalty of CHF 200.-per customer over the limit an amount of CHF 126'000, resp. 42'000 would be due for the company. In relation to other costs, for both cases, it seems to be a minor problem. A more important problem is the definition of an "extreme event" also called "Act of God". In the "Distribution Code" a long list is given. From country to country the definitions differ remarkably [4] and comparisons seems to be almost impossible. A better way would be to use a more objective method as used in [1] or proposed by the IEEE [5] . 
MONITORING NETWORK RELIABILITY
DISCUSSION AND CONCLUSIONS
ewz started to collect outage data in a systematic manner years befor anybody was talking about liberalisation of the power market. Therefore the company can deliver reasonable reliability values for urban networks. A benchmark with other urban networks provides countrywide values which were then used to establish guidelines to be recommended in the first run to the regulator. This process shows that the regulator relies very much on the information of the companies which should be regulated in the long run. Instead using exact number of reliability indices like SAIDI or SAIFI to judge a network operator, the suggestion is made to use a smoothed number which is averaged over several years to lower the yearly variation. This variation can be already significant with only one big case in the record (not an extreme event but e.g. longer outage of a substation) and which can happen to any of the network providers (5-year average is thought to be reasonable). This smoothed value should be compared with other networks within a few ranges, e.g. urban SAIDI: 0-10 (min/customer and year) is a very good performance, 10-30 reasonable and over 30 means "have a good look to the network". This approach would exclude the influence of a stochastic "bad luck" series of outages. Also there would be less temptation for a network provider to embellish the data (e.g. duration, number of customer). Time-series of yearly results, as shown in the last chapter, might help the regulator to put the actual year in a better perspective for each provider. This will be important if a bonus and malus system is intended to be introduced.
